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GROWING ORNAMENTAL GREENHOUSE 
CROPS IN GRAVEL CULTURE 
D. C. KIPLINGER 
INTRODUCTION 
"Gravel Culture" is a general term which applies to the growing of 
plants without soil in an inert medium into which nutrient solutions are 
usually pumped automatically at regular intervals. Haydite (shale and 
clay fused at high temperatures), soft- or hard-coal cinders, limestone 
chips, calcareous gravel, silica gravel, trap rock, crushed granite, and 
other inert and slowly decomposing materials are included in the term 
"gravel." , 
As a laboratory technique, growing plants without soil in nutrient 
solutions dates back to the middle of the nineteenth century, to the 
original work of Bousingault, Liebig, Salm-Horstmar, and Sachs, who 
provided the mineral nutrient theory of today. Their techniques were 
elaborated and improved by such workers as Knop, Tollers, Pfeiffer, 
Tottingham, Shive, Hoagland and others. 
The first practical application of growing plants without soil was 
made by Pember and Adams ( 14), who attempted to grow carnations 
in sand to determine their nutritional needs. Biekart and Connors ( 2) 
in 1927 succeeded in developing a satisfactory method of growing 
carnations in sand which was surface-flushed regularly with nutrient 
solutions. Laurie ( 10, 11 ) and his assistants were likewise engaged 
about the same .time in growing different flowering crops in sand with 
additions of nutrients in dry form. Gericke ( 6) was one of the first to 
advocate the commercial use of water culture, the growing of plants 
with their roots constantly immersed in a nutrient solution. 
Automatic subirrigation received its impetus from the work of 
Eaton ( 5), who demonstrated that solutions supplied automatically to 
sand from below saved much labor and were quite satisfactory. With-
row and Biebel (18) developed the original mechanics in 1936, and a 
little later a somewhat similar arrangement was introduced by Connors 
and Tiedjens (3). In 1937, workers at the Ohio Agricultural Experi-
ment Station ( 12) began using the same method, following the mechan-
ical setup of Withrow and Biebel. In place of sand, coarse aggregates 
were used. 
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The reasons for the attempts to apply such methods to the practical 
culture of crops in the greenhouse are several. Since soil is a complex 
medium, absolute control of nutrition is difficult, and even the most 
expert growers have crop failures frequently. The automatic subirriga-
tion method with solutions supplied to plants growing in an inert 
medium provides an e~act and uniform system of procedure with ease 
of modification to conform to environmental variations. The labor 
saved by such a procedure is likewise to be considered. Further advan-
tages lie in the greater uniformity of quality of the crops so produced 
and the possibility of higher production due to optimum growth condi-
tions. It must be understood, however, that if perfection of growth is 
attained in soil, just as good quality and as high a production can be 
expected in soil as in soilless culture. Although it is possible to grow 
many ornamental crops successfully, those which indicate greatest 
economic return on the investment are roses, gardenias, chrysanthe-
mums, and snapdragons. 
Because many small plots were needed to secure the required 
experimental data for this work, inexpensive units were devised by 
several graduate assistants of the Ohio Agricultural Experiment Station 
and located at Columbus. 
SMALL EXPERIMENT AL PLOTS 
In figure 1 is diagramed ·the assembly of a unit containing a 
number of small lots. AP is an air pump controlled by time clock TC. 
Bis a bleeder made by placing a pinch clamp over a piece of 14-inch by 
5/64-inch rubber tubing and almost closing the aperture. A bleeder at 
each end of the main air line will be sufficient to allow for escape of air 
following pumping so that the plots will drain quickly. ·The main air 
line consists of a pipe tapped and. drilled at regular intervals to allow for 
the connection of 14-inch short nipples for air outlets. The area of the 
pipe for the main air line should be slightly greater than the sum of the 
areas of the air outlets. The size insures uniform air pressure to each 
of the plots. 0 stands for air outlets for carboys made of 14-inch short 
nipples. The diagram illustrates· how 40 plots can be operated 
simultaneously. 
P is the 2-foot by 3-foot by 6-inch experimental plot. H is the 
half-tile, M the medium to be used, and HO a male hose connection 
· screwed into the front board. R is 14-inch by 5/64-inch laboratory 
rubber tubing cut long enough to allow for complete r~moval of the 
rubber stopper and glass tubing from the carboy for additions of water 
and m,1trients. 
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Fig. 1.-Diagram of a small plot assembly. 
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G8 is 8-millimeter glass tubing. The short piece does not extend 
into the solution, but the long piece extends to one-half inch from the 
bottom of the 5-gallon carboy C. A No. 6 two-holed rubber stopper 
must fit tightly enough in the neck of the carboy to prevent the escape 
of air. SL is the level of the nutrient solution NS maintained in the 
5-gallon carboy. The solution level SL should be maintained at the 
point illustrated in figure 1, as some air space is necessary to keep the 
nutrient solution from backing up into the main air line; furthermore, 
the volume of solution in the carboy at this point is just sufficient to fill 
the 2-foot by 3-foot by 6-inch plot within 1 inch of the top. Pumping 
to this level prevents algae growth on the surface of the medium. 
An inexpensive pump and motor manufactured for paint spraying 
are adaptable for use as a source of compressed air. When the motor is 
in operation, compressed air is pumped through the main air line, and a 
uniform pressure is built up in the air space above the solution level SL 
in each of the carboys. This pressure forces the nutrient solution into 
the long piece of G8 glass tubing leading to the plot P and thereby fills 
the plot. A time clock is a convenient device for regulating the period 
necessary for the air pump to empty completely the carboy C. Some 
pumps are so constructed that air will leak back through them and thus 
dissipate the pressure. No bleeders are necessary with such pumps, as 
the solution will drain back by gravity into the carboy. 
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As many as 40 small plots can be operated successfully with a paint . 
sprayer motor and pump. It will take about 10 minutes for pumping 
rand 20 minutes for complete drainage of 40 plots operated simultane-
ously. 
When the area of the main air line is slightly larger than the sum of 
the areas of the air outlets, pumping will be uniform so that plots in 
various sections of experimental greenhouses can be used, as is often 
necessary under various light, temperature, and other environmental 
conditions. · 
The construction of plot small enough to be filled from a 5-gallon 
carboy is diagrammed in figure 1. 
The bottom of the plot is constructed by placing two pieces of 
1-inch by 12-inch by 38-inch lumber side by side and nailing them to the 
two pieces of 2-inch by 2-inch by 22-inch lumber indicated by the dotted 
lines. These 2-inch by 2-inch by 22-inch pieces prevent sagging of the 
bottom when the plot is filled with medium. The sides are then cut to 
fit on top of the bottom of the plots. At this time a hole should be 
drilled in the board that will be the front of the plot. The hole should 
be located flush with the bottom of the plot to allow for complete drain-
age of the plot after pumping. This hole is to accommodat~ the male 
hose coupling and should be slightly smaller than the diameter of the 
coupling to ensure a tight fit. The hose coupling should fit into a 
~-inch or %-inch hose to allow for ease of removal of the rubber 
tubing. 
The sides are then nailed onto the plot bottom and to each other at 
the end. The 2-inch by 2-inch by 22-inch pieces should be underneath, 
not within the plot. Then the 2-inch angle braces should be screwed 
inside at each corner about 4 inches up from the bottom to prevent the 
boards from pulling apart when the plot is filled with medium. . The 
plot is then waterproofed on the inside only with asphalt emulsion or 
any similar substance not toxic to plants. Sometimes it is difficult to 
waterproof the plots completely because of warped boards. Strips of 
laboratory cheescloth are laid on top of the wet asphalt emulsion at all 
points and are thoroughly impregnated by the application of additional 
emulsion. Two coats are usually sufficient. When the cheesecloth is 
placed behind the angle irons before they are permanently screwed in 
place, a greater margin of safety that the corners will remain water-
proofed is secured. 
A container of similar dim~nsions constructed of reinforced con-
crete with provisions for drainage is more satisfactory than a wooden 
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container. Leaks occur ks~ frequently, and there i ~ no danger that the 
sides will sepa rate from eac h other or the bottom when the plot is filled 
with medium. 
Before the assembled plots a rc fil led with medium , the half-tile is 
placed on the bottom of the plot directly in line with the hose con-
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Fig. 2 .-Numerous small plots can be operated successfully 
with an air compressor. 
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nection. An asphalted eaves trough may be substituted, but zinc 
toxicity is often encountered when the asphalt deteriorates. The pur-
pose of the tile is to allow the solution to spread uniformly and quickly 
throughout all parts of the plot and to prevent the entrance of medium 
into the rubber tubing. The use of black iron window screen is advised 
at the joints and end of the tile. The tile should not fit perfectly on the 
bottom of the plot, because entrance and exit of the solution will be 
hindered. Pieces of wooden plant labels placed under the tile eliminate 
this difficulty. 
After the equipment has been assembled, the plot is filled with 
medium and connected to the 5-gallon carboy. It is essential that the 
plots be tilted slightly toward the front to permit free drainage, as solu-
tion standing on the bottom of the plot seems to inhibit plant growth. 
When all installations have been made correctly, the successful 
operation of many plots depends on the maintenance of the correct solu-
tion level in the carboys. The complete pumping of some plots while 
others are only partially pumped will result in a release of air pressure 
and immediate drainage of all plots. 
BENCHES 
Construction 
A bench for growing crops in an inert medium must have perfect 
drainage. For greenhouse benches a V-bottom with a slope of 1 Vi 
inches from the side to the center of the bench is sufficient. No length-
wise slope to the bench is necessary if inlets and outlets are installed 
every 20 feet. Without these inlets and outlets, rapid drainage is 
impeded, and under such conditions a lengthwise slope of 1 inch to I 00 
feet is desirable on benches not over 100 feet long. On longer benches, 
difficulty with uniform moistening of the medium will be experienced 
because of the slope, and level benches with additional inlets and outlets 
must be constructed. The sides of the bench may be 6 to 8 inches high. 
Materials 
Concrete.-To date, concrete has been universally recommended as 
the ideal type of bench material for gravel culture, but it has serious dis-
advantages. Concrete develops small cracks with age which leak and 
require frequent attention to prevent undue loss of the nutrient solution. 
Settling of benches made of this heavy material causes water pockets in 
the bench which inhibits root action and reduces growth of the plants. 
The greatest fault with concrete is its inability to withstand steam sterili-
zation, as the lack of sufficient reinforcing and the expansion and con-
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traction of concrete develops large cracks whith nece~sitate repair each 
time the bench is steamed. Considerable time is required for repair and 
difficulty is experienced in making the larger cracks completely water-
tight. 
Concrete benches intended for gravel culture should be coated 
inside with a watery dressing of asphalt emulsion and then covered 
again with a thicker coating. As soon as dry, the benches should be 
filled with water and tested for leaks. If any develop, the bench should 
be cleaned adjacent to the cracks to remove loose flaky concrete or 
asphalt. The area should be flamed with a blowtorch to dry it thor-
oughly. A watery dressing of asphalt emulsion should be applied with 
a paint brush to penetrate all cracks and it should then be allowed to 
dry. Another coat of a watery asphalt dressing should be applied and 
while still wet, several thicknesses of cheesecloth, fiberglass, or heavy 
duty plastic cloth should be laid over the entire area and painted with 
thinned asphalt emulsion. This should dry and again be painted with 
a thicker asphalt emulsion. After drying, still another application of 
·thicker asphalt emulsion will insure against troubles from leaks. A 
cheap grade of emulsified asphalt, such as is used for road building, is 
satisfactory, provided it contains no oil or tar. One gallon of undiluted 
asphalt emulsion will cover about 50 square feet of surface. 
If flat-bottomed concrete benches have already been built, they can 
be converted.to gravel culture. The extra inlets and outlets should be 
installed before the new V-bottom is poured. Holes should be drilled 
in the center of the bench 20 feet apart, large enough to accommodate a 
1 or 1,14 inch pipe. A 6-inch pipe nipple of the desired size threaded the 
entire length is best suited for this purpose. A lock nut should be 
screwed on one end of the nipple so the pipe is flush with the face of the 
lock nut. This is then placed in the bench so the lock nut is resting on 
the inside of the bench bottom with the bare end of the pipe extending 
below the bench. Another lock nut should be screwed on the nipple 
from the underside of the bench and turned on tightly so the nipple is 
firmly locked in place. Then a form should be made as shown in 
figure 3 to fit within the bench. 
n n ~ .... t.... ,,...--1 L 5~.zlH. J)4!41N. 
'\ · · · · · · ·4FT.· · · · · · · /' 
Fig. 3.-Form used to convert 
exist'ing flat-bottomed con-
crete benches into a modified 
V bottom. 
The inside of the; bench should be 
covered with emulsified asphalt to 
prevent the old concrete from bind-
ing with the new, and if drainage 
holes are large, they should be 
covered with old cheese-cloth and 
asphalt. A dry concrete mix should 
be prepared from a I one to four mix-
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ture of cement and AAA Haydite or sand. This mixture is placed in 
the bench and tamped roughly into the form of the modified V. To 
finish the V in the bench, the form (fig. 3) should be pushed down into 
the wet concrete and moved back and forth. The concrete should be 
smoothed with a metal trowel. To minimize the amount of water in 
the bottom of the V, a short length of 1-inch pipe should be rolled back 
and forth in the V to form a notch or small depression. The water that 
will stand then will be in the depression under the tile, and no damage 
will result. A layer of concrete at least one-half inch thick should be 
retained between the bottom of the V notch in the V and the top surface 
of the old bench, to prevent cracking of the new concrete and to cover 
completely the lock nuts holding the pipe nipples in place. 
Steel.-Benches made of this material are expensive but will last 
indefinitely, provided the problem of corrosion can be overcome. 
Although asphalt dressing should be applied and while still wet, several 
thicknesses of asphalt emulsion is satisfactory for this purpose, a material 
known as Continental Waterproofer, made by the Continental Products 
Company, Euclid, Ohio, has proved highly effective in preventing corro-
sion. The entire bench should be covered with this material and 
allowed to dry before water is placed in the bench. The red lead paint 
which is universally used for corrosion prevention has not proved satis-
factory under greenhouse conditions. Stt;'.el expands and contracts with 
the changes of temperature during steaming. 
Aluminum.-At present the cost of fabrication of this material to 
the desired shape is too high to recommend installation of aluminum 
benches. They offer a perfect solution to the problems of a gravel cul-
ture bench as there is no corrosion under the conditions prevailing in 
gravel culture and steaming does not induce deterioration. 
Wood.-Benches made of wood cannot be used for gravel culture 
because of the difficulty of maintaining a watertight structure caused by 
age, sagging, and steam sterilization. All these tend to open the joints 
between the wooden members of the bench. 
TANKS 
In order to provide suitable containers for the nutrient .solutions, 
tanks are installed under benches or in other suitable locations. Such 
tanks have several requisites. They must be waterproof, acid resistant, 
and of sufficient size to hold about 40 per cent of the total volume of the 
benches that they fill. These tanks can be made of concrete, wood, ·or 
metal. For small installations, milk vats or even grave vaults have been 
used. All tanks made of concrete should be coated with sodium silicate 
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diluted one part to four of water, emulsified asphalt, or both. Wooden 
and metal tanks should be coated with asphalt and made absolutely 
acidproof. It has 'been suggested that tanks should contain enough 
solution to equal the total volume of the benches instead of the 40 per 
cent recommendation here. Although true that a larger volume of 
solution makes it easier to maintain the proper levels of nutrients, the 
additional costs of construction are so high as to make such recom-
mendations impractical. For benches over 100 feet long, tanks can be 
placed in the middle of the house. 
Although individual tanks for benches are recommended on small 
installations, as many as 12 benches have been supplied from one tank in 
commercial practice with a single crop or variety. This arrangement is 
not advisable if several crops are being grown simultaneously, for then 
the advantage of solution manipulation is nullified. 
INLET PIPES · 
Either black iron or galvanized· pipe may be used for the inlets. 
For a 100-foot bench, one inlet of 1- or 1 ;0-inch pipe near the pump at 
the end of ·the bench is sufficient, 
although better drainage can be pro-
vided by the placing of a separate 
pipe under the bench or alongside 
(figs. 4 and 5). The size will depend 
on the length of the bench. For 
small installations, 1 ;0-inch pipe will 
suffice. Proportionally larger sizes 
are needed for long benches. Open-
ings of 1-inch pipe spaced 20 feet 
apart in the bottom of the V in the 
bench are connected to the pipe line 
under the bench by rubber hose or 
2 IN. PIPE 
Fig. 4.-Pipe for extra inlets 
placed alongside the bench 
_ instead of underneath. 
other suitable material. Where several benches are .. so e.quippeq, the 
pipe lines should connect to a central header whose area is slightly 
----1oorr BENCH-----
)2,~~.Q TO;a 
Fig. · 5;.;_Lengthwise view of 
l 00-foot bench with place-
ment of extra inlets. .,. 
greater than the sum of. the• areas of 
the pipe lines leading from it. Uni~ 
· form pumping of all· benches will be 
obtained, for the pressure of the solu-
tion at all pipe op·enings in the header 
will be equal.· All inlets to the bench 
should be flush with the bottom of 
the V and completely waterproofed, since they are frequently the 
sources of leaks. 
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AUT·OMATIC SIPHON 
Drainage of the nutrient solution back through the pump is often 
slow because of the presence of the pump impeller. An automatic 
siphon (fig. 6) facilitates rapid drainage from the bench, as most of the 
solution does not pass through the pump. 
l .l"CAP 
2 
l~" PIPE.\,; 
BE.NCH 
BOTTOM 
l"PIPE _-
"--...,'17'---' 
THREADS FOR 
PIPE CONNEC-
TIONS---,.> 
16" 
SHAPE OF CUT 
AT BOTTOM OF 
PIPE 
Fig. 6.-Automatic s'iphon for rapid drainage of benthes. 
The height of the inner pipe should be no more than the desired 
solution level in the bench. The diameter of this pipe should be no 
smaller than 1 inch, with the outside pipe 1 Yi inches in diameter. The 
bottom of the outside pipe resting oi;i the bench bottom should be 
notched or cut in a sawtooth fashion to facilitate entrance of the solu-
tion. The solution rises in. between the two pipes as the bench is being 
flooded, and the solution begins to overflow into the central pipe when 
the bench is pumped to the desired level. The suction of the solution 
removes all the air underneath the cap, and the siphon action continues 
until air is· sucked in at the bottom of the outside pipe. Complete drain-
age of the small amount of solution remaining in the bench is through 
the pump. The longer the pipe extends underneath the bench, the more 
rapid is the flow of the solution through the siphon. 
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VALVES 
Figure 7 indicates the method of manipulating valves when solu-
tions are changed. In the upper diagram of figure 7, for normal opera-
tion, valve 1 should be open and valve 2 should be closed. To pump 
out the tank, valve 1 should be closed and valve 2 opened. In the lower 
diagram of figure 7, for normal operation, valves 3 and 4 should be 
opened and valve 5 closed. To pump out the tank, valve 3 should be 
closed and valves 4 and 5 opened. 
TO PUMP--
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Fig. 7.-Upper section-Bench construction and valve arrangement 
with inlet located at end of the bench. 
Lower section-Bench construction and valve arrangement with .inlet 
located under the bench. 
TROUGH 
To obtain rapid spread of the solution in the bench, any one of the 
following suggested methods is satisfactory: half-tile (fig. 8), eaves 
troughs with beads removed, or a wooden inverted V. The eaves trough 
should be asphalted to prevent zinc damage, and wedges should be 
placed between it and the bench bottom to allow for entrance and exit 
of the solution. Large cracks or openings should be covered with black 
iron screen to prevent the medium from clogging the trough. 
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Fig. 8.-Half-tile used as a solution channel. Note the inlet 
from below the bench 'in the center of the picture and 
the notch at the bottom of the concrete in this modified 
V-bottom bench. 
PUMPS 
Either a sump or side-suction centrifugal pump can be used for 
flooding the bench. Sump pumps are the easiest to install. Side-suction 
types can be placed in a separate compartment so that the suction inlet 
is only several inches below the solution level when the tank is full, 
which insures priming, although the end of the inlet pipe must be near 
the bottom of the tank. For large installations a trash pump, which will 
not be stalled by pieces of the medium wedging between moving parts, 
is satisfactory. 
Any reliable pump manufacturer has a suitable pump for gravel 
culture. Some types have a water lubricating mechanism which is not 
satisfactory for nutrient solutions, and a grease cup should be substi-
tuted. A pump with a minimum capacity of 25 gallons per minute with 
a 10-foot head is the smallest that can be recommended for one I 00-foot 
bench. 
tions. 
Pumps of greater capacity will be needed for larger installa-
On all sump pump installations allow a clearance of at least 6 
inches from the surface of the solution to the electrical box for slopping 
of the solution when agitated. 
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TIME CLOCKS 
Electric clocks (fig. 9) ensure regular pumpings. The present 
empirical recommendations of so many times per day serve the purpose. 
Fig. 9.-Time clocks used for auto-
matic control of the number of 
pumpings per day. 
MEDIUMS 
The most satisfactory material for the growth of plants with the 
subirrigation method is one that is inert, does not give off any undesir-
able elements, does not change the pH, retains a sufficiency of water, 
and does not disintegrate. To date, there is nothing that approximates 
this ideal so closely as Haydite which can be obtained from several 
companies: 
Hydraulic Press-Brick Co., South Park, Ohio. 
Western Brick Co., Danville, Ill. 
The Haydite Corp., 32nd and Roanoke Rd., Kansas City, Mo. 
Haydite Sales Corp., Rialto Bldg., San Francisco, Calif. 
The Cooksville Co., Ltd., 46 Bloor St. W., Toronto, Ontario, Canada. 
The B grade of Haydite, composed of a mixture of coarse (three-
eighths inch in diameter) and fine particles is the most suitable size, 
although it has been found that finer sizes may be more suitable, 
15 
particularly when inadequate drainage is provided. Because of the 
coarseness of the medium, roots form at the bottom of the bench instead 
of throughout the entire body of the medium. This condition is prob-
Fig. 10.-A Joanna Hill rose 
grown 'in a flat-bottomed 
bench where water was 
standing. Note extreme 
defoliation and chlorosis 
of leaves near the top of 
the photograph. 
ably due to excess aeration. The 
formation of the entire root system 
at the bottom necessitates complete 
drainage, else damage may occur to 
the roots even though a very small 
amount of solution remains standing 
(figs. 10 and 11). In finer mediums, 
root development occurs throughout 
the medium, and standing solution 
at the bottom may not cause serious 
damage. 
Acid silica gravel is satisfactory 
as a medium but shipping costs are 
high because of its weight. The 
Parry Company, Chillicothe, Ohio, 
furnishes a Y4. -Y2 inch particle size 
grade which is most suitable. 
Trap rock, granite chips, and 
other similar materials are suitable if 
the particle size is approximately % 
inch. 
Hard- and soft-coal cinders may 
likewise be used, although statements 
about their cheapness should be 
tempered, since screening and leach-
ing consume time and labor. Cinders 
vary with the source of coal and in 
some localities may contain toxic 
substances. Excess of boron has 
been found in some localities and if 
present can be neutralized by the 
addition of 10 cubic centimeters of 
commercial sodium silicate to 100 gallons of solution. This addition 
may be made even after the plants are benched. Some cinders dis-
integrate readily and may be troublesome because of high water-holding 
capacity and insufficient aeration. Occasionally cinders are alkaline 
and may precipitate iron, phosphorus, and manganese. As a pre-
cautionary measure, cinders should be leached thoroughly. One-fourth 
to one-half inch is a suitable size for cinder particles. 
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Calcareous gravels are suitable for crops that grow satisfactorily in 
a pH of 7 or above. As a consequence of the high pH, precipitation 
frequently occurs. Calcareous gravels are particularly unsuitable for 
roses and gardenias. Particles one-fourth to one-half inch in size are 
best. 
Fig. 11.-Standing water in a flat-bottomed 
bench-an undesirable environment for 
optimum plant growth. 
Limestone chips can be used in a manner similar to calcareous 
(lime-bearing) gravel. Slag from blast furnaces should be avoided 
because of its extreme alkalinity and possible toxic content. 
No matter what type of medium is selected, monocalcium phos-
phate should be broadcast on the surface at the rate of 5 pounds per 100 
square feet. This should be watered in. A new or unused medium, 
particularly the calcareous types, absorbs phosphorus and to prevent the 
medium from removing the phosphorus from the solu tion this practice 
should be observed. 
SOLUTIONS 
The nutrient elements are supplied to the plants in solution form. 
Many different formulas have been advocated by various workers but 
the differences between them· are not great and, to save confusion, a 
solution is given on page 18 · which has proved satisfactory on many 
crops. 
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COMPOSITION OF THE WP* FORMULA 
Chemical Per 1,000 gallons of water 
Potassium nitra te . .. .. .. ... . ....• . . , • . 5 lb . 13 oz. 
Ammonium sulfate . . • . . . . . . . • . . . . . . . . . l lb. 
Magnesium sulfate . . • . . . . . • . . . . . . . . . • . 4 lb . 8 oz. 
Monocalcium phosphate .. •. . . . . . . . • , . . 2 lb . 8 oz. 
Calcium sulfate . . . . . . . . . . . . . . . • . . . • . . . 5 lb. 
18 lb . 13 oz. 
*Developed by Arnold Wagner and G. H. Poesch of the Horticulture 
Department of the Ohio Agricultural Expl':riment Station . 
The chemicals given in the formula can be mixed together in dry 
form, if desired, as the mixture will not deteriora te and can be stored 
and used as needed. 
It is often difficult to obtain the commercial grade of potassium 
nitrate and the following modification of the W P fo rmula is suggested : 
Chemical 
Calcium nitrate 
Per 1,000 gallons of water 
7 lb. 
or 
Sodium nitrate ... . . .• . .. . •... • .. . .. 
Potassium chloride . . • . . . • . . . . . . . . 
Ammonium sulfate . . • . . . • . . • . ... . . . . . 
Magnesium sulfate .. •.. .. . . . .. . . . 
Monocalcium phosphate .. .. • . . . .•. .. • . 
Calcium sulfate .. • . . . ..... • . • . • . • . .... 
5 lb. 
5 lb. 
l lb. 
4 lb . 8 oz. 
2 lb . 8 oz. 
5 lb . 
The chemicals in this latter formula should be weighed out indi-
vidually and mixed in the tank. 
The various grades of superphosphate may be used in place of 
monocalcium phosphate. Proportionately more must be added because 
of the lower percentage of phosphorus and the decrease in solubility. 
Plants benched in gravel culture should be supplied with a Y2 W P 
solution until new roots develop into the medium, when the strength of 
the solution should be raised to a 1 W P level. Since root development 
is usually rapid, the strength of the solution may be increased in 3 to 7 
days. W hen the plants a re well esta blished , the solution should be 
raised to a 2 WP level by adding twice the amount of chemicals per 
1,000 gallons of water recommended in the W P formula. The use of a 
2 WP solution is not advised on all plants nor at a ll seasons of the year . 
This ma tter is discussed under each specific crop. 
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The use of a nutrient solution in which ammonium sulfate alone 
serves as a source of nitrogen has not proved satisfactory with many 
crops because of the high concentration of ammonium. Additions of 
ammonium sulfate at 1 pound per 1,000 gallons every 2 weeks on well 
established, growing plants in spring, summer, and early fall is desirable. 
However, the pH of the solution must be tested regularly as it may drop 
rapidly, and the.nitrate level may rise too high if the plants do not 
absorb the ammonium, and less frequent additions should be made. 
The additional s.upply of ammonium nitrogen is apparently beneficial in 
inducing better growth of plants. 
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Manganous sulfate should be added to all solutions each month. 
One ounce of manganous sulfate is dissolved in 1 gallon of water acidi-
fied with three to five drops of commercial sulfuric acid. All this solu-
tion should be used for 1,000 gallons of nutrient solution. Iron should 
be added weekly in the form of ferrous sulfate at the rate of 4 ounces per 
1,000 gallons. 
SOURCES 10F CHEMICALS 
The chemicals used are of commercial grade and are reasonably 
priced. Most of them may be obtained from local dealers. Since man-
ganous sulfate is necessary in only small amounts, it can be obtained 
from a druggist. 
Monocalcium phosphate can be obtained from the Monsanto 
Chemical Company, St. Louis, Missouri, Akron, Cleveland, or Cincin-
nati, Oh~o. The reason for the use of this food-grade material is its low 
fluorine content. The fluorine may not be as dangerous as originally 
thought, however, and superphosphate has been used satisfactorily. 
Since the materials used are not chemically pure, they contain the 
necessary trace elements without additions except those mentioned. 
Recommendations for adding boron, zinc, copper, and other elements 
should not be followed without specific advice. Considerable damage 
has resulted in some cases because of overzealousness. 'The addition of 
small amounts of thiourea, tryptophane, liquid manure, indolebutyric 
acid, sugar, nicotinic acid, or vitamin B1 has not proved beneficial. 
CHANGING SOLUTIONS 
The original recommendation called for a change of solutions 
weekly, but at present no complete change is necessary more frequently 
than once in 2 months. In some instances, solutions have not been 
changed for several months, but as a precautionary measure, a change 
every 2 months is advocated. 
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TESTING SOLUTIONS 
The Simplex Soil Testing Kit or the LaMotte Soil Testing Kit can 
be used for general purposes. The Simplex is sold by the Edwards 
Laboratory, P. 0. Box 318, Norwalk, Ohio, the LaMotte by the 
LaMotte Chemical Co., Baltimore, Maryland. 
The nutrient levels usually maintained in gravel culture are con-
siderably higher than those in soil, and color charts in the test kit 
instruction booklets are of no value unless the nutrient solutions are 
diluted before being tested. A quick and accurate method of diluting 
and testing solutions, together with several precautions, is as follows: 
Since small volumes of solutions are used, accuracy is essential, and 
either 1- or 5-cubic centimeter graduated pipettes · are desirable. 
Medicine droppers used in the tests vary in size, but uniform drops can 
be obtained by holding the dropper at a 30-degree angle ff<Jm the hori-
zontal when measuring reagents or solutions. This position reduces the 
possibility of air bubbles interfering with the drops at the lower end of 
the dropper. Usually the medicine droppers will deliver 15 drops per 
· 1 cubic centimeter. Knowing the number of drops per cubic centimeter 
is._helpful when high dilutions are made, as it is often convenient to begin 
· witl;i on,e-:half cubic centimeter rather than one. 
To insure against contamination, rinsing the equipment:with tap 
. water, then distilled water is essential. The placing of .a carboy of dis-
tilled water on a shelf above the sink where the solutiQnS are tested is . 
desirable. A siphon can be made of a few piec:es of glass and rubber 
tubing and will bring the water within convenient handling distance 
under sufficient pressure for quick rinsing. A pinch clamp on a short 
piece of rubber tubing at the lower end of the distilled water line is a 
convenient shutoff valve. 
The nitrate nitrogen levels in nutrient solutions usually vary 
between 200 and 1,000 parts per million, but the recommended test kit 
booklets contain color charts only up to 25 parts per million. The 
nutrient solution must be diluted sufficiently to fall within the range of 
the color charts. This dilution can be accomplished by placing 1 cubic 
centimeter of a nutrient solution in one of the small glass vials in the 
test kits and adding 3 cubic centimeters of distilled water with either a 
pipette or calibrated medicine dropper. This solution should be mixed 
. thoroughly by shaking. 
With reference to figure 12, which is a diagram of a nitrate spot 
plate, one drop of the diluted nutrient so1ution should be transferred 
with a clean medicine dropper to wells No. 1, 2, 3, 7, 8, and 9. With a 
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clean dropper, distilled water should be added in the following order: 
one drop to well No. 2, two drops to well No. 3, three drops to well No. 
7, four drops to well No. 8, and five drops to well No. 9. The solution 
in· well No. 9 should be mixed thoroughly by running it up and down 
several times in the dropper by giving the rubber cap a pinch and . 
releasing slowly several times. One drop of the solution in well No. 9 
should be transferred to well No. 12. In the same manner of mixing 
and then transferring, one drop of solution in well No. 8 is taken to well 
No. 11, one drop of solution in well No. 7 to well No. 10, one drop of 
solution in well No. 3 to well No. 6, and one drop of solution in well No. 
2 to well No. 5. It is not necessary to clean the dropper between each 
transfer, but is essential to remove any droplets of solution remaining in 
the dropper by a quick shake before proceeding to the next well. 
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Fig. 12.-A nitrate spot plate. Abbreviations n. s.·and d. w. are 
nutrient solution and distilled water, respectively, and num-
erals within the circles ind'icate the number of drops. 
The nitrate reagent from the test kit should be added in the correct 
amountto.wells No. 1, 5, 6, 10, 11, and 12. Withreferencetothe 
Simplex kit, the readings in these wells should be, respectively, 100 parts 
per million, 200 parts per million, 300 parts per million, 400 parts per 
I 
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million, 500 parts per million, and 600 parts per million. For accuracy, 
a comparison of the color obtained in the nitrate spot plate should be 
made only with the highest reading on the color chart, which is 25 parts 
per million with the Simplex kit. Should the nutrient solution contain 
more than 600 parts per million of nitrate nitrogen as shown by the 
presence of a dark blue or bluish-black color in well No. 12, it will be 
necessary to add more than 3 cubic centimeters of distilled water to the 
1 cubic centimeter of nutrient solution. The scale of dilution and the 
factor for multiplication of the readings in the wells are as follows: 
Cc. of nutrient 
solution 
l * 
Cc. of distilled 
water added 
0 
2 
3* 
4 
5 
*Used in the example. 
Factor for multiplication 
of readings in the wells 
2 
3 
4* 
5 
6 
It is essential to use only the reading of 25 parts per million on the 
nitrate color chart when making comparisons, in order to obtain 
accurate readings. 
The methods of testing for phosphorus and potash are similar to 
each other except that different reagents are used for each of the tests. 
The maximum amount of phosphorus that can be read with the color 
chart of the Simplex system is 5 parts per million, and the maximum of 
potash is 20 parts per million. Dilution of the nutrient solution is 
necessary in order to bring the reading within the range of the color 
chart. This dilution is accomplished by transferring 1 cubic centimeter 
of nutrient solution to one of the small glass vials in the test kits and 
adding various amounts of distilled water to the vial. The contents 
should be shaken to ensure mixing, and 'all but 1 cubic centimeter dis-
carded before the test is made, as the directions for each of the tests 
require that only 1 cubic centimeter be used. The scale of dilution and 
the factor for multiplication of the readings in the vial are as follows: 
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Cc. of nutrient 
solution 
Cc. of distilled 
Water added 
0 
% 
l 
1% 
2 
2 1/2 
3 
3% 
4 
0 
l 
2 
Factor for mult'iplication 
of readings in the wells 
* 
2 
3 
4 
5 
6 
7 
8 
9 
l 
2 
3 
*It is not possible to use this particular dilution, because the test 
requires the presence of at least l cubic centimeter of solution before it 
can be made. This was inserted as a guide for a possible error. 
The tests for calcium and ammonia usually fall within the limits of 
the color charts, and no dilutions are necessary. The iron test is not 
entirely satisfactory and cannot be used as a guide for iron additions. 
Other tests for nutrients given in the test kit boo~lets need not be made 
unless unexplained difficulties arise which are not due to an unbalance 
of the nutrients for which the tests have been described. 
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TABLE 1.-Analysis of Nutrient Solut'ion in Parts per Million 
WP 2 WP 
Calculated Fresh Calculated Fresh 
solution solution 
Nitrates ......... 400 400 800 750 
Ammonium . . . . . . . . 28 25 56 50 
Phosphorus ... 65 60 130 120 
Potassium . . . . . . ' 250 250 500 500 
Calcium ....... 310 150 620 250 
The analysis of a WP and 2 WP solution is given in table 1. The 
differences between the nutrient levels of the calculated and fresh solu-
tions are accounted for by precipitation of the nutrients, low solubilities, 
or inaccuracies of the present quick tests. 
Since phosphorus may readily precipitate from the solution or be 
absorbed by the plant, tests and additions should be made weekly. 
Nitrate and potassium tests made every other week after changing are 
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sufficient. It is not necessary to test for magnesium unless solutions are 
·infrequently changed. Addition ·of the full amount cif magnesium sul-
fate every 2 months is advocated. The nutrient levels given in table 2 
can be mai~tained with satisfactory results. 
TABLE 2.-Nutrient Levels in Parts per Million 
Nitrates 
Ammonium .. . 
Phosphorus .......... . 
Potassium ....... . 
Calcium .......... . 
WP 
400 
25 
25 
100 
125 
2 WP 
600 plus 
50 
40 
200 
200 
After the solution is tested, it is necessary to make additions of the 
deficient nutrients. The amounts of chemicals per 1,000 gallons of 
water to provide definite parts per million are as follows: 
7 pounds of calcium nitrate provide 130 parts per million of 
calcium and 400 parts per million of nitrates. 
5 pounds of sodium nitrate provide 400 parts per million of 
nitrates. 
5 pounds and 13 ounces of potassium nitrate provide 250 
parts per million of potassium and 400 parts per million 
of nitrates. 
1 1/ 4 pounds .of Uramon (urea) provide 90 parts per million of 
nitrogen equivalent to 400 parts per million of nitrates. 
5 pounds of potassium chloride provide 250 parts per 
million of potassium. 
5 pounds of potassium sulfate provide 250 parts per million 
of potassium. 
pound of ammonium sulfate provides 28 parts per million 
of ammonia. 
4 % pounds of magnesium sulfate provide 50 parts per million 
of magnesium. 
2 1/2 pounds of monocalcium phosphate provide 42 parts per 
million of calcium and 65 parts per million of phosphorus 
(200 parts per million of phosphate). 
5 % pounds of 16 percent superphosphate provide 65 parts per 
million of phosphorus (200 parts per million of phosphate). 
5 pounds of calcium sulfate provide 145 parts per million of 
calcium. 
The water level in the tank .is fully as important as the nutrient 
level and should be checked daily. 
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ACIDITY OR pH 
The pH of the solution should be checked twice a week without 
fail. It should be maintained at 6.5 for most crops. Gardenias do best 
at a pH of 5.5 to 6. Sweet peas, stocks, carnations, gerbera, feverfew, 
asters, pansies, chrysanthemums, and others will grow satisfactorily in a 
pH of 7. 
To raise the pH, a stock solution of 2 ounces of .sodium or potas-
sium hydroxide to a gallon of water should be used, or ammonium 
hydroxide and water, one part to three, respectively, can be used.· To 
lower the pH, a stock solution of 1 ounce of either concentrated sulfuric 
or phosphoric acid to a gallon of water should be used. 
When any materials are added to a solution, thorough stirring is 
necessary to obtain proper mixing. 
PUMPING 
I 
The number of times per day the solution should be pumped 
depends on th~ ·type of medium, season, size of plants, and the concentra-
tion of the solution. In summer, mature rose plants in a coarse ( _12- to 
%-inch) medium should be pumped three to four times during the day-
light period ( 7 a. m., 11 a. m., 2 p. m., and 5 p. m.). In winter, pump-
ing should be reduced to once daily or once every 2 days. Carnations 
should rarely be pumped more than twice daily in summer and once in 
2 or 3 days in winter, providing no wilting occurs. Young plants which 
are not established should be pumped less frequently, as root action is 
slow. Experience is the best guide, together with a close check of the 
growth of the plants. 
The concentration of the solution exerts some influence on the 
number of times the bench is pumped per day. The greater the concen-
tration of the solution, the greater the number of pumpings required; 
and the lower the concentration of the solution, the fewer the number of 
times the bench is pumped per day. A WP solution would be pumped 
less frequently than a 2 WP solution on the same crop in the same sea-
son of year. During the heat of summer, it will be necessary to pump a 
WP solution frequently because of the danger of wilting. The reason 
for the influence of the concentration upon the number of pumpings is 
not entirely clear, but it appears that greater concentrations inhibit 
water absorption, and unless the solution is pumped more frequently, 
growth is checked severely. 
The solution should be pumped to within 1 inch of the surface of 
the medium to prevent the growth of algae (green scum) . Pumping 
the solution higher than the surface of the medium may favor growth of 
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stem diseases which spread rapidly through plants grown in gravel cul-
ture. Careful attention should be given to the maintenance of the 
correct volume of nutrient solution to prevent soluble salts from 
accumulating on the stem and causing injury. Night pumping is not 
essential. 
PLANTING 
Tests during the past years have shown that for most crops plant-
ing with a soil ball may lead to serious difficulties from root and stem 
rots. The best practice is to place the plants in 27"Q-inch pots using 
equal parts of FF Haydite and peat as a medium. Plants so handled 
should be fertilized weekly with a WP solution 'applied overhead to the 
Haydite and peat medium. It is usually necessary to water the plants 
between fertilizer applications to prevent wilting. · Seedlings may also 
be placed directly in the gravel bench at their final planting distance, 
but considerable space is occupied with this practice. It is not desirable 
to transplant seedlings to the bench, setting them closely, later moving 
them to their permanent planing distance. Although space is saved by 
this practice, there is a severe check in the growth of the plant. The 
fewer the number of times the small plants are transplanted, the more 
satisfactory is thir growth. Bulbs are planted so that their "noses" are 
one-half inch below the surface of the medium. Too deep planting 
results in rotting, which can be partially overc.ome by less frequent 
pumping. Plants should be spaced in gravel similarly to the way they 
are in soil. Large seed (sweet peas) can be sown directly in the 
medium. 
PEST CONTROL 
Spraying and Fumigation.-The same insects and diseases attack 
plants in gravel culture as in soil. Since mediums do not contain any 
organic matter which would act as a buffer, it is necessary to pump the 
solution into the bench just prior to spraying to cover the roots with a 
film of moisture which protects them. It is not necessary to fill the 
bench with water and discard k after spraying. If the nutrient solution 
is to be changed, it should be pumped into the bench, the plants should 
be sprayed, and the solution should be discarded. Sulfur dusts or sprays 
lower the pH; of the solution. Insecticides contained in aerosol bombs 
will not inju;r;e ~he roots. -
Sterilizing.-Steam sterilization of the bench and medium is the 
most effective method of controlling diseases and pests, but causes crack-
ing of concrete benches due to expansion and contraction. The medium 
should be allowed to reach 180° F. for 30 minutes. Because of the 
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development of cracks with steam sterilization, chemicals have been used 
in some cases. Formaldehyde is prepared by mixing in the tank 1 
gallon of commercial formalin to 50 gallons of water. This is pumped 
into the bench to cover all the :r;nedium and should be allowed to remain 
for 24 hours .. The solution should be drained back into the tank and 
allowed to stand another 24 hours to sterilize the pipes, pump, and tank. 
Flushing the bench and tank with water until all odor of formaldehyde 
has disappeared is essential before planting. 
SPECIFIC CROPS 
The more important greenhouse flowering crops have been grown 
in gravel culture since 1937. These include roses, carnations, chrysan-
themums, gardenias, snapdragons, sweet peas, lilies, iris, narcissus, 
asters, stocks, Euphorbia, Boston yellow daisies, pansies, feverfew, 
annual chrysanthemums, calendulas, dahlias, bachelor buttons, and 
others. A report of these has been given by Kiplinger and Laurie ( 8). 
Roses 
Dormant-budded or started-eye plants should be benched, prefer-
ably in January or.February. Own-root stock grown for 1 year in a 
cloth house, stored in a cooler, and cut back similarly to a started-eye, 
can be benched at this time. Holding such plants in storage for later 
benching is detrimental, as the growth that is made is usually unsatis-
factory. Because the removal of plants during the winter often upsets 
the grower's rotation, either grafted or small actively growing own-root 
stock may be used. The ball of soil on grafted plants should be washed 
off, taking care not to break any more roots than is necessary. The use 
of plants with a ball of soil is not always satisfactory because the ball of 
soil retains too much moisture. 
Irrespective of the type of plant used, the starting solution, should 
be a Y2 WP until the roots begin to develop into the medium. Pumping 
once in 2 . or 3 days during the dark days of winter for the dormant-
budded or started-eye plants is sufficient until foliage develops concur-
rently with the development of the root system. As the plants become 
well established, pumpings should be increased and the concentration of 
the solution raised to a WP level. During the good growing seasons 
(spring and fall) a 2 WP solution can be used. In the warm days of 
summer, a WP solution pumped 3 to 4 times daily gives best results. 
With the dark days of winter, the solution concentration can be reduced 
to a WP nitrogen level, but a 2 WP level of all other components. 
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The use of various nitrogen fertilizers as the sole source of nitrogen 
showed that the pH dropped to 5.5 or less with ammonium sulfate and 
ammonium nitrate. The older foliage turned yellow and dropped and 
the growth of new shoots was inhibited. Keeping the pH at a range of 
6.5 to 7.0 corrected the difficulty. 
Additions of trace elements have done more harm than good. 
Unless known deficiencies occur, trace elements other than those pre-
viously specified should not be added. The fertilizers used in the WP 
solution are not chemically pure and they frequently contain a sufficient 
quantity of trace elements for plant growth. Zinc toxicity may be 
observed unless the ends of the galvanized stakes used for support are 
coated with asphalt emulsion. 
Roses in gravel culture can be cut back either directly or gradually 
as in soil. Drying-off is neither necessary nor desirable, but simply 
reduce the frequency of pumping. Fluctuations in the moisture content 
of the medium will accentuate leafdrop. 
Carnations 
The growing of carnations in gravel culture is limited to those 
varieties which are resistant to the bacterial wilt disease. This organ-
ism, which is inside the plants, spreads rapidly throughout susceptible 
varieties in gravel culture and a complete loss of the entire planting of 
these varieties may be expected. Because of this, care should be taken 
to rogue any plants which are not healthy in appearance Cleaning up 
infected stock plants requires time and rigorous selection. 
Resistant varieties may be handled for gravel culture exactly the 
same as plants grown for soil. Rooted cuttings are grown in soil, the 
plants taken to the field in April, dug in July, and benched in gravel. 
The soil should be washed from tl;ie roots of the plants prior to benching 
to reduce the accumulation of soil in the growing medium. This 
method of culture has given satisfactory results but is somewhat 
laborious. 
As an alternative, the rooted cuttings may be benched in winter, 
spaced 4 inches by 4 inches. In April or May every other row is 
removed and planted in other benches. It is also feasible to grow the 
young plants in plant bands or 3-inch pots in a mixture of 1 part peat 
and 1 part FF Haydite. A WP solution is applied by the overhead 
method each week until the plants are benched in April or May. This 
early planting enables the grower to establish his plants in good growing 
weather and considerably more flowers per square foot will be produced 
in either gravel or soil. 
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Carnations in gravel are not pumped as often as roses or gardenias, 
even in warm summer weather. Seldom are more than two pumpings 
per day necessary. In the fall the pumpings should be reduced to once 
daily or once every other day. In winter, pumpings once in 4 or 5 days 
is best. Additions of ammonium sulfate should be made in spring, 
summer, and fall when the plants are well established. A 2 WP solu-
tion is used in fall and spring when growing conditions are optimum but 
during the winter and summer a WP solution is used. A 2 WP potash 
level during November, December, and January encourages stiff stems. 
Plants may be carried through for 2 years in gravel the same as in soil. 
Spread of stem and root rot induced by fungus organisms occurs as 
rapidly in gravel as in soil. Pumping the nutrient solution over the 
surface of the medium moistens the stem of the plant and encourages the 
development of such diseases. 
Chrysanthemums 
Tests with chrysanthemums show that little difficulty will be 
experienced in growing this crop in gravel culture. The rooted cuttings 
should be planted directly from a propagation bench. 
Frequent overhead syringing of the rooted cuttings during the first 
week after benching aids in their becoming established plants. A WP 
solution pumped once daily in cloudy weather and twice daily in warm 
sunny weather is recommended immediately after benching. When the 
plants are well established, a 2 WP solution should be used with three to 
four pumpings daily, depending upon the growth of the plants. In the 
fall, a reduction of two pumpings may be necessary unless foliage 
development is exceptionally heavy. Figure 13 shows the development 
of Silver Sheen chrysanthemums in gravel culture. 
Snapdragons 
Seedling snapdragon plants may be benched directly to gravel cul-
ture, or the seedlings may be pricked off to flats or 2Vi-inch pots in a 
medium of equal parts of FF Haydite and peat and watered weekly with 
a WP solution. The plants are benched allowing as much of the Hay-
dite and peat mixture to adhere to the roots as possible to reduce root 
mJury. A y2 WP solution is used until the plants are established, and 
then the concentration should be raised to a WP strength. Higher con-
centrations induce development of side shoots and a grassy, succulent 
growth results. Pumping once daily in winter and twice daily in spring 
is recommended. 
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Gardenias 
The management of gardenias in gravel culture is not difficult if 
close attention is given to the maintenance of an optimum pH of the 
solution , the frequent additions of iron, and prov ision fo r bottom heat in 
winter. 
Plants may be benched in Ap ril or May from 2Y2 - or 3-inch pots of 
pea t or pea t and sand . It is not necessa ry to wash this off the roots. A 
y2 WP solution is pumped once da ily un til root ac tion is strong, then the 
concentration should be raised to a W P level with increased pumpings 
to prevent wilting. During the sum mer, a 2 WP solution is pumped 
2 or 3 times da ily. The pH should be ma intained a t 5.5 for best results. 
Weekly additions of iron sulfa te a id in ma intenance of this pH and 
supply the necessary iron to the plants. 
Fig. 13.-Silver Sheen chrysanthemums grown in soil (far left) 
compared with those grown in silica gravel w'ith various solutions . 
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Forming flower buds ·for a Christmas crop in I central Ohio by 
lowering the night temperature to 58-60° F. in August and early Sep-
tember is difficult. Carrying the plants on the dry side or increasing the 
concentration of the solution is dangerous practice, even in the hands of 
an expert, as root injury induces chlorosis. In addition, these latter 
practices. have never resulted in a satisfactory bud formation for a 
Christmas crop. Shading the plants daily with black sateen cloth from 
5 p. m. to 7 a. m. from July 21 to August 13 causes formation of the 
buds which flower at Christmas. This shading is also satisfactory for 
soil-grown plants. Two-year plants usually develop a Christmas crop, 
but they too may be shaded to increase the crop. 
Lowering the concentration of the solution to a WP level in late fall 
and winter prevents the plants from becoming hardened. Confined 
bottom heaJ under the benches aids in maintaining a dark green color 
of the leaves during the winter. Lack of sufficient bottom heat results 
in chlorosis that cannot be overcome even when the pH is 5.5 and iron 
sulfate is added regularly. Chlorosis may also be induced by over-
pumping, high pH, canker, and nematodes, all of which interfere with 
root action and absorption of nutrients. A night air temperature over 
65° F. will cause a serious check in growth. I 
The plants may be cut back in spring similarly to plants in soil, but 
the solution should be reduced to a WP level and pumpings are reduced 
to compensate for loss of foliage. When sufficient foliage develops, a 2 
WP solution pumped more frequently is. recommended. 
Asters 
All containers and mediums should be sterilized for asters as 
Fusarium wilt will kill most of the wilt-resistant varieties offered to the 
trade. The seedlings should be placed in 2;12-inch pots in equal parts 
of FF Haydite and peat to reduce root injury when the plants are 
benched. The plants should be fertilized weekly with a WP solution by 
overhead applications. The plants are generally benched in late fall or 
winter for a spring crop and they must be lighted to secure earliness in 
flowering. Pumpings should be made daily with a WP solution after 
benching until the growth requires a 2 WP solution with increased 
pumpings. Control of leafhoppers and aphids prevents the spread of 
the yellows disease. · 
Lilies 
Lilies grow satisfactorily in gravel when the bulbs are planted in 
the medium so that the tips are close to the surface. The bulbs may 
also be planted in shallow flats, watered with a WP solution, and then 
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the flats racked one on top of another in any cool place or under a 
bench. It is necessary to maintain a uniform moisture content of the 
medium in the flat by additional applications of the WP solution. As 
soon as growth of the tops develops the flats are plunged into benches 
filled with inert medium, and the benches are then pumped regularly. 
Stocks 
Stocks can be grown successfully in gravel, but careful attention 
must be given to several details. Seed can be sown directly in the bench, 
and the plants later thinned to reduce spindly growth. The plants 
removed in the thinning process should not be used as additional plant-
ing material, because they usually fail to grow in a satisfactory manner, 
probably because of injury to the roots. Although direct seeding causes 
a long period of occupation of the bench, it can be used. A sprinkling 
of some fine material, such as sand or AAA Haydite, should be placed in 
the row to aid in maintaining moisture for germination and early 
growth. Transplanting with a ball of s~il from a pot may lead to con-
siderable root and stem rot., 
Sweet Peas 
Of the various methods of germinating the seed of sweet peas, none 
was more satisfactory for fall and winter sowing than planting the seeds 
in the row about 1 to 1 ~ inches deep directly in the medium in which 
they were to be grown. The medium was then flooded with a ~ WP 
solution and kept slightly on the dry side until the young plants 
appeared. Too dry a medium will result in death of plants from 
dessication, and a wet medium promotes rot. Pumping is increased to 
two periods per day after the plants show signs of vigorous growth. 
Summer sowing of peas has been variable in results, and it is assumed 
that the medium becomes too dry and hot, so that the young plants 
wither quickly. A mulch of excelsior may overcome this difficulty. 
Manipulation of nutrition during cloudy winter weather is easily 
accomplished by varying the amounts of the different elements in the 
solution. 
Orchids 
It has long been an accepted practice among orchid growers to 
grow epiphytic forms on an organic material known as osmunda fiber, 
the roots of the cinnamon fern and its allies. To this, only water is 
applied. In some instances, manure water or liquid fertilizer in various 
forms has been used with varying degrees of success. Most of these 
trials have been total failures. 
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Although volumes have been written on the culture of orchids, very 
little scientific investigation has been done in relation to nutrition, 
photosynthesis, or respiration. 
The work of Knudson ( 7) on the nonsymbiotic .culture of orchid 
seedlings on an agar medium to which inorganic salts and sugar were 
added paved the way for further studies on nutrition. 
Mediums.-Haydite and silica gravel have proved satisfactory pot-
ting material for orchids. Providing anchorage, support, excellent 
drainage, and aeration, these materials do not decay as does osmunda. 
A desirable moisture content is easily maintained, but fertilization must 
be practiced. 
Potting or Benching.-Any size plant may be transferred from 
osmunda to gravel. Since ample aeration and drainage is a character-
istic of gravel, one piece of crock over the drainage hole, when potting, 
is sufficient to prevent loss of the gravel. There is no need to fill half of 
the pot with broken crock before adding gravel except as a saving of the 
medium. Screening the gravel is unnecessary. Potting is reduced to a 
few short steps: ( 1 ) covering the drainage hole, ( 2) holding the plant 
in the correct position, ( 3) pouring in the gravel, ( 4) staking, and ( 5) 
tying. It is a simple matter to pot large number of plants quickly by 
this method. Benching the plants directly in gravel has not proved 
desirable, because root growth is so abundant that, when lifted, recovery 
of the extensive root system is often slow. Species with monopodial 
growth habit could remain undisturbed longer than sympodial branch-
ing species. 
Seedlings from the Flask.-As soon as ;roots begin to develop on 
seedlings in the flask, they may be transplanted into FF Haydite mixed 
with one-half chopped osmunda for better anchorage. 
Seedlings from Community Pots.-Careful handling to avoid 
breaking roots should be practiced when tearing apart the mass of 
plants. Sufficient peat to cover the roots and serve as an anchor before 
many new roots develop is beneficial. There is no trouble from over-
potting in gravel since aeration and drainage are excellent. A mixture 
of 1/16 to Ya inch gravel with Y4 to % inch gravel is a good potting 
medium. Plants from community pots may be placed directly into 
3-inch pots where they may remain several years. I 
Seedlings from Small Pots.-The seedlings are removed from the 
thumb pot, the rotted osmunda is discarded, the plant is placed in posi-
tion in a 3- or 4-inch pot, and the space around the osmunda is filled 
with Haydite. The B-grade Haydite is recommended and the presence 
1-
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of some finer particles aid in maintaining a more uniform moisture con-
tent. A very small osmunda ball serves as an anchor until the plant is 
firmly established with the development of new roots. 
Larger Plants.-The treatment of these plants is comparable to 
that given plants taken from small pots. On removal from the pot, the 
rotted osmunda is trimmed away almost entirely and the plant is held in 
position in a large pot. Gravel is poured around the ball. It is finished, 
staked and tied, and the operation is complete. 
Watering.-More frequent applications of water are necessary than 
with osmunda-grown plants. Overwatering seldom. occurs with coarse 
gravel, but fine gravel retains moisture for a longer period. Especially 
during cloudy, dark periods, fine gravel may be kept too wet: Plants 
potted with bare roots will require more frequent watering than those 
with a ball of osmunda. During high temperatures and bright days, 
frequent watering is necessary. During the summer, small pots should 
be watered every fourth or fifth day and large pots every week. With 
the advent of winter, the interval between watering periods should be 
extended to 10 days. The temperature and light will govern the inter-
val between watering. 
Subirrigation.-To subirrigate orchid plants, the same type of 
bench and other equipment is necessary as described earlier in this 
bulletin. A shallow layer of gravel placed on the bench bottom will 
provide a level place to set the pots. Gravel filled pots may be set into 
the bench and subirrigated. During the summer, weekly irrigation of 
mature plants is sufficient. As day lengths short~n and temperatures 
and light intensities fall, the interval between pumpings may be 
increased. Plants in gravel-filled pots may also be set on the bench or 
racks as are osmunda potted plants. Treatment is the same as that of 
plants in osmunda, but watering is necessarily more often. 
Another method is that of subirrigating gravel-filled pots plunged 
to the rim in gravel. The increased amount of gravel decreases drying. 
During the summer, irrigate every tenth day and increase the period 
during the winter. Roots often grow into the surrounding medium so 
that shifting is a problem. The entire area run on one subirrigation 
line should be planted with the same variety and potting methods should 
be the same. Similar plants and potting give a desired uniformity 
which is adaptable to gravel culture. Seasonal variations permit 
changes in the frequency of floodings. In all cases of subirrigation, the 
solution should be allowed to remain on the roots for at least six hours. 
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Fertilization.- In their native habita t there usually is an acc umula-
tion of organi c matter a round orchid roots. Slow decomposition, plus 
settling of dust particles, provides a source of clements necessary for 
plant growth. Even though the a mount is small , it is adequa te for 
growth . Decomposition of osmunda o r other potting mediums may 
also supply small qua ntities of nutri ents. Gravel, an inert material, 
neither decomposes nor has a supply of nutri ent clements. The WP 
solution is used as a source of nutrients but it should be a pplied a t one-
half strength . A higher concentration usually shows no benefi cial 
effects on growth and is a waste of fertili ze r. 
l 
Fig. 14.-0rchid pot clip. 
During the g rowing season, 
appli cation of the Y2 W P solution 
is benefi cial a bout every second 
watering. During the summer, 
the y2 WP solution is applied 
every time the pla nts require 
wa ter. As the pla nts go into dor-
mancy, or when unfavora ble 
growth conditions such as cool, 
cloudy or da rk days occur, the 
fertilizing program is reduced. 
U pon the resumption of growth or 
good g rowing conditions, the Y2 
W P solution should be a pplied 
more often. 
S u p po r t.-Because of the 
loose cha racter of gravel, orchid 
pla nts a re not as well anchored in 
gravel culture as they a re in 
osrnunda . Figure 14 shows a pot 
clip made of No. 9 wire which is 
useful for wpport and tying. 
Miscellaneous Crops 
A number of other crops will grow satisfactorily in gravel culture. 
These include Boston yellow da isy, feverfew, !'. uphorbia fu lgens, callas, 
geranium stock plants, calendula, annual chrysanthemum, and pansies. 
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